The renin-angiotensin system (RAS) system plays a central role in the regulation of blood pressure, water as well as electrolyte balance. The system also modulates inflammatory and growth processes, proliferation and apoptosis [1] [2] [3] [4] [5] [6] 
renin transcripts directly starts with exon 2 [12] . In rats, exon 2 of the exon(1A-9)renin transcript is preceded by a short sequence of about 80 base pairs derived from intron A [10] . This sequence is non-coding and therefore can only have regulatory functions. The exon(1A-9)renin transcript is translated into a truncated prorenin starting at the first in-frame ATG in exon 2. The resulting exon (2) (3) (4) (5) (6) (7) (8) (9) renin protein lacks the prefragment of secretory renin as well as the first 10 amino acids of the conventional prorenin.
The functions of cytosolic renin are currently unknown. In the adrenal cortex renin proteins are found not only within secretory vesicles but also within mitochondria [13, 14] . [10] . We have also observed that transgenic rats overexpressing exclusively cytosolic renin exhibit increased aldosterone production plasma renin independently [15] .
Mitochondria play an important role in cell metabolism, steroid biosynthesis, growth and apoptosis. Mitochondrial renin must be derived from the exon(1A-9)renin transcript, because only this transcript renders a protein that is located in the cytosol and therefore available for mitochondrial import. In support of this view, we have demonstrated that cytosolic renin but not secretory prorenin or active renin is actively imported into isolated adrenal mitochondria in vitro
In the rat, most tissues express both renin transcripts, whereas the kidney expresses exclusively the exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin transcript and the heart expresses exclusively the exon(1A-9)renin transcript [16] . In the heart, exon(1A-9)renin transcript levels were markedly increased after myocardial infarction [16] , indicating that cytosolic renin may play a role in post-ischaemic repair processes and cardiac failure.
The aims of the present study were to investigate the sorting and function of the rat equivalent of human exon (2) (3) (4) (5) (6) (7) (8) (9) renin in the embryonic cardiac muscle-derived H9c2 cell line. Specifically, we tested the hypothesis that (1) 
the exon(1A-9)renin derived protein is sorted to the cytosol and mitochondria, (2) cytosolic renin is not secreted but remains within the cytoplasm and (3) cytosolic renin specifically modulates growth processes such as proliferation, necrosis and apoptosis.

Material and methods
Plasmids
Exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin and exon (2) (3) (4) (5) (6) (7) (8) (9) renin cDNAs were derived as previously described [10] and subcloned into pIRES/Neo (BD Biosciences Clontech, Heidelberg, Germany). [17] .
Cell culture and transfection
H9c2 cells (a rat embryonal cardiac muscle-derived cell line from ATCC
Determination of renin transcripts
H9c2 cells were harvested and stored at -70ЊC. RNA was prepared using the Absolutely RNA RT-PCR Miniprep Kit (Stratagene, La Jolla, USA). cDNA was generated from each 5 g of RNA as described [16] . RT (1) (2) (3) (4) (5) (6) (7) (8) (9) renin: 5Ј -ACC AGA TGG GCG GGA GGA GGA TG -3Ј (position 211-233 of the renin cDNA). As an internal control, GAPDH was used as described [16] . [14, 18] 
Confocal immunofluorescence microscopy
Determination of prorenin and renin
Renin concentrations were determined by measuring the capability of the sample to generate ANGI from excess renin substrate as described [14, 19] . ANGI concentrations were determined using a radioimmunoassay (RIA) [20, 21] 
Cell viability and cell death measurements
Statistical analysis
Data are expressed as the mean Ϯ S.E.M. For comparisons between multiple groups, the significant differences were determined by one-way ANOVA followed by Bonferrony comparison test. Differences were considered statistically significant at P Ͻ 0.05.
Results
Expression of renin transcripts in H9c2 cardiomyoblasts
First, models to investigate the difference in sorting, secretion and function of prorenin and cytosolic renin were generated using H9c2 embryonic cardiomyoblasts. H9c2 cells endogenously express only the exon(1A-9)renin transcript at low level, but not the exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin transcript (Fig. 1) 
. In control vector (pIRES)-transfected cells treated with the selection marker G418, renin expression was even lower than in non-transfected H9c2 cells. Exon(1-9)renin-transfected cells treated with G418 selectively overexpressed preprorenin transcripts. Like pIRES-transfected cells, they did not express exon(1A-9)renin.
Exon (2) (3) (4) (5) (6) (7) (8) (9) renin-transfected cells, treated with G418, overexpressed exon (2) (3) (4) (5) (6) (7) (8) (9) renin lacking exon1 as well as exon1A.
Intracellular location of renin encoded by exon(1A-9)renin transcripts in H9c2 cells
To confirm previous findings that exon(1A-9)renin transcripts encode for a protein that is located within mitochondria [10, 14] colocalization of renin immunoreactivity with a mitochondrial marker was studied by confocal microscopy. In H9c2 cells expressing exon(1A-9)renin but not secretory renin, renin immunoreactivity was found exclusively within mitochondria (Fig. 2) . Fig. 3B and D) .
Differences in sorting and secretion between cytosolic and secretory renin
In accordance with our hypothesis, overexpression of exon (2) (3) (4) (5) (6) (7) (8) (9) (Fig. 3G and H) . Fig. 4 ).
We further hypothesized that secretory prorenin but not cytosolic renin is secreted. Supporting this hypothesis inactive renin concentrations and to a lesser degree also active renin
Fig. 1 Renin transcript expression in H9c2 cells
Functional differences between cytosolic renin and prorenin
After having established that cytosolic and secretory prorenin are differently sorted intracellularly, we next examined the effects of the different transcripts on cell functions.
Protein content, growth rate and proliferation
First, exon(1-9)renin and exon(2-9)renin-transfected cells exhibited marked differences in cell growth. The transfection with exon(1-9)renin but not with exon(2-9)renin induced cellular hypertrophy. Cellular protein content was also increased exclusively in
exon (1) (2) (3) (4) (5) (6) (7) (8) (9) Fig. 5A ). (Fig. 5G) . Fig. 7 A-D) . The increase in number of apoptotic cells was confirmed by biochemical markers of apoptosis such as phosphatidylserin translocation, Fas receptor expression and caspase activation (Fig. 7E-G 
Furthermore, exon(1-9)renin-transfected cells were considerably larger than control-transfected or exon(2-9)renin-transfected cells, as visualized by using the fluorescent dyes acridine orange and ethidium bromide (5 B-E). Additionally, an increased number of apparently dead cells was found in both exon(1-9)-and exon(2-9)renin-transfected cells, as indicated
Exon(1-9)renin increases the rate of necrosis in H9c2 cells
A major difference with functional consequences between exon(1-9)renin-and exon(2-9)renin-transfected cells was the
Fig. 3 Intracellular distribution of prorenin and renin in transfected H9c2 cells: Enrichment of prorenin (A, C, E, G) and renin (B, D, F, H) in organelles of H9c2 (A, B), control vector-(pIRES) (C, D), exon(1-9)renin-(E, F) and exon(2-9)renin-transfected cells (G, H) compared to the whole cell extracts (Extract
fact that exon(1-9)renin-derived secretory prorenin markedly increased the rate of necrosis as indicated by an increased LDH release/content ratio. Cytosolic renin even protected cells from necrotic death, as indicated by a decreased LDH ratio (Fig. 6). These data point to a destructive effect of the exon(1-9)renin derived prorenin and a protective, anti-necrotic effect of the exon(2-9)renin derived cytosolic renin.
Exon(1A-9)renin increases the rate of apoptosis in H9c2 cells
Another major functional difference between cytosolic and secretory renin was that only exon(2-9)renin-but not exon(1-9)renintransfected cells exhibited an increased rate of apoptosis (Fig. 7). Compared to H9c2-, pIRES-and exon(1-9)renin-transfected cells, exon(2-9)renin-transfected cells showed a significantly enhanced number of shrunken cells, which represent
Discussion
The present study demonstrates that (pro)renin is sorted to different intracellular compartments dependent on the presence or absence of exon 1. H9c2 cells overexpressing exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin transport the encoded prorenin to the low density (15, [14] and in the present study, the localization of renin protein in mitochondria was confirmed by confocal microscopy in H9c2 cells expressing exclusively exon(1A-9)renin. Furthermore, specifically exon(2-9)renin-derived cytosolic renin, but not secretory prorenin, is imported into mitochondria in vitro [10] .
Cytosolic/mitochondrial renin encoded by exon(1A-9)renin transcripts represents a truncated prorenin [10] . It lacks 10 out of 43 amino acids of the profragment of secretory prorenin. Secretory prorenin exhibits less than 2% of the enzymatic activity of active renin. It is thus expected that cytosolic/mitochondrial renin has somewhat higher activity than intact prorenin but still less than active renin with the prefragment cleaved off. Our data indicate that the activity of cytosolic/mitochondrial renin is about 20-50% that of active renin. Similarly to secretory prorenin, it may well be subject to reversible activation as a result of conformational changes dependent on pH, temperature or membrane binding [22] . (2) (3) (4) (5) (6) (7) (8) (9) renin-derived protein is specifically located within and imported into mitochondria [10, 14] , these organelles are considered a direct target for cytosolic renin. The exact mechanism of how mitochondrial renin induces apoptosis, and which apoptotic cascades are activated needs further investigations.
Since in the rat expression of exon(1A-9)renin is selectively up-regulated after myocardial infarction [16] [27] and later by Re and others [28, 29] . In these studies, nuclear [27] or mitochondrial [27, 28] A possible intracellular target for exon(1A-9)renin-derived cytosolic renin is the renin binding protein [37] . Renin binding protein is identical to the enzyme N-acetyl-D-glucosamine 2-epimerase [38] . The epimerase inhibits renin activity [39] and is itself inhibited by renin [40] . Renin In summary, we show that a newly discovered cytosolic renin protects from necrosis by promoting apoptosis. This is in contrast to the known functions of secretory renin, which, through ANG generation, exerts pro-inflammatory and profibrotic effects on the heart [2, 41, 42] . ACE inhibitors reduce mortality rates in patients with congestive heart failure by preventing the effects of secretory renin [7] , but cytosolic renin is unlikely a target for those inhibitors. Cytoplasmatic renin encoded by the alternative renin transcript from the same renin gene can therefore be considered as a new target in modulating the process of cardiac remodelling and hence cardiac failure. 
